Background: Laparoscopic surgery, fast-track perioperative treatment and XELOX chemotherapy are effective strategies for shortening the duration of hospital stay for cancer patients. This trial aimed to clarify the safety and efficacy of the fast-track multidisciplinary treatment (FTMDT) model compared to conventional surgery combined with chemotherapy in Chinese colorectal cancer patients. Methods: This trial was a prospective randomized controlled study with a 2 × 2 balanced factorial design and was conducted at six hospitals. Patients in group 1 (FTMDT) received fast-track perioperative treatment and XELOX adjuvant chemotherapy. Patients in group 2 (conventional treatment) received conventional perioperative treatment and mFOLFOX6 adjuvant chemotherapy. Subgroups 1a and 2a had laparoscopic surgery and subgroups 1b and 2b had open surgery. The primary endpoint was total length of hospital stay during treatment.
Background
Globally, colorectal cancer is the third most common malignancy [1, 2] . In 2015, there were nearly 376,000 Chinese patients diagnosed with colorectal cancer [3] . Most of these patients could have been cured by radical surgery with or without perioperative chemotherapy and radiotherapy. Fast-track surgery is a combination of several evidence-based perioperative interventions to enhance the recovery of patients after surgery [4] . Studies on fast-track surgery have shown that many conventional perioperative procedures (e.g., bowel preparation and long preoperative fasting) are unnecessary or even harmful to colorectal cancer patients [5, 6] .
Two European clinical trials, "EnROL" and "LAFA", have shown that fast-track surgery is safe and effective for colorectal cancer patients [7, 8] . In both trials, fasttrack laparoscopic surgery was the best choice in terms of postoperative hospital stay. Furthermore, four Chinese prospective studies have reported that fast-track surgery effectively accelerates early recovery and reduces the postoperative hospital stay for colorectal cancer patients [9] [10] [11] [12] . However, three of the trials have small study populations. Moreover, none of the four studies reported the perioperative procedural details. At present, all reported fast-track surgery studies for colorectal cancer have detailed only the postoperative period (usually only 1 week). However, two-thirds of the patients required 6 months of postoperative adjuvant chemotherapy. Additionally, some procedures in the LAFA and EnROL trials were considered by Chinese surgeons to be radical and were difficult to comply with. Therefore, we proposed the fast-track multidisciplinary treatment (FTMDT) model in 2010 [13] . This model modifies the fast-track surgical protocols, which are conservative and easy for Chinese surgeons and patients to comply with. Moreover, FTMDT includes fast-track surgery and subsequent adjuvant chemotherapy with capecitabine and oxaliplatin (XELOX). FTMDT can enhance the whole rehabilitation process for patients with colorectal cancer compared to conventional treatment consisting of conventional surgery followed by adjuvant chemotherapy with leucovorin, fluorouracil, and oxaliplatin (FOLFOX). The FTMDT model, which includes more conservative surgical procedures than those in Western countries and covers the overall treatment process, is novel and has never been prospectively compared with conventional treatment. Therefore, this randomized trial aims to compare the safety and efficacy of the FTMDT model versus the conventional model for Chinese patients with colorectal cancer. Moreover, this trial aimed to investigate the total length of hospital stay for patients who received laparoscopic fast-track surgery compared to those who underwent open fast-track surgery.
Methods

Patients, study design, and randomization
This was an open-label, prospective randomized controlled study with a 2 × 2 balanced factorial design (Clinicaltrials. gov NCT01080547). Eligible patients were randomized (1:1: 1:1) to receive either laparoscopic fast-track surgery followed by XELOX (group 1a), open fast-track surgery followed by XELOX (group 1b), laparoscopic conventional surgery followed by FOLFOX (group 2a), or open conventional surgery followed by FOLFOX (group 2b). Prof. JS L and Dr. Y T, College of Biomedical Engineering and Instrument Science Zhejiang University, oversaw distribution of patients into four study subgroups (1:1:1:1) by simple randomization according with the random number table without stratification. Each participating study center screened and recruited patients. The baseline information was reported to Prof. JS L and Dr. Y T. They performed the patient randomization and informed every center of the randomization results. This trial was approved by the Ethics Committee of Second Affiliated Hospital Zhejiang University School of Medicine (2010LSY No. 6).
The inclusion criteria were patients ≥18 years old with pathologically confirmed colon or upper rectal (distance between the tumor lower margin and anus > 12 cm) cancer. All patients were also screened by the investigators and signed informed consents. The exclusion criteria were patients with tumors that could be removed by endoscopic mucosal resection or patients who had a history of malignancy, bowel obstruction, intestinal perforation, evidence of metastasis through physical examination and/or radiological examination, acute disease, acute attack of chronic disease, psychiatric history, spinal deformity that was contraindicated for epidural anesthesia, an American Society of Anesthesiologists (ASA) score IV or higher, or mid-low rectal cancer, or patients who were pregnant.
Study endpoints
The primary endpoint was the total duration of hospital stay from the time of randomization to 30 days after the last cycle of postoperative chemotherapy. Therefore, it included the days of hospital stay for surgery, adjuvant chemotherapy, and readmission. The postoperative discharge criteria were (1) good pain control (numeric rating scale ≤3), (2) tolerance of solid food, and (3) recovery of independent activities of daily living to the patient's preoperative level.
Secondary endpoints included (1) quality of life assessed before surgery and at 1 week, 3 months, and 6 months after surgery via European Organization for Research and Treatment (EORTC) QLQ-C30 and QLQ-CR38 questionnaires;
(2) the number of patients with chemotherapy-related adverse events according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE Version 3.0), which was measured up to 30 days after the last administration of chemotherapy; (3) the number of patients with intraoperative and postoperative (measured up to 30 days postoperative) surgical complications, e.g., infection of the incision site, anastomotic leakage, and readmission; and (4) the medical costs (RMB), associated with the whole hospitalization measured up to 30 days after the last surgical procedure or chemotherapy treatment.
Some secondary endpoints that were not prespecified in the study protocol were also analyzed. The surgery duration was calculated as the time from the initial skin incision to the closing of the abdomen. Blood loos was calculated as the blood lost from the time of initial skin incision to the closing of the abdomen. Ambulation onset was recorded as the first time that patient got out of bed postoperatively. Some additional recovery characteristics included the times to first flatus, to defecation, and to resume fluid diet and the duration of the postoperative hospital stay. Thirteen perioperative characteristics, including psychological optimism, anesthesia information, laparoscopy-guided examination, bowel preparation, fasting and oral intake, epidural anesthesia, warming, abdominal drains, fluid infusion, diet, intravenous fluid infusion, nasogastric tube, urethral catheter, and ambulation were assessed to evaluate treatment compliance. Patients who violated more than 10 checkpoints were considered to have not received the allocated intervention. Disease-free survival (DFS) was calculated as the time from randomization to recurrence or death. Overall survival (OS) was the time to death for any reason. All of the above endpoints were compared between groups 1 and 2 to clarify the superiority of FTMDT model over the conventional treatment model. Additionally, all of the above endpoints were compared between subgroups 1a and 1b to clarify the superiority of laparoscopy over open surgery within the set of fast-track surgery procedures.
The FTMDT trial initially included three participating centers, the including Second Affiliated Hospital Zhejiang University School of Medicine, People's Hospital of Shaoxing, and the Second Affiliated Hospital Wenzhou Medicine College. Three additional centers joined in this trial in 2012 to enhance patient recruitment. The new centers were Sir Run Shaw Hospital of Zhejiang University School of Medicine, Ningbo No. 2 Hospital, and People's Hospital of Yuyao. All surgeons taking part in this trial had performed more than 20 laparoscopic operations for colorectal cancer as suggested by the American Society of Colon and Rectal Surgeons [14] . Paper case report forms (CRFs) were collected by the investigators of every participating centers. The CRFs were then collected by the primary investigator Prof. Ding when the patients finished the whole treatment. The investigators of each participating center took responsibility for updating the follow-up data.
Procedures
The interventions for each group have been previously described in detail [13] . Briefly, patients in group 1 (FTMDT) were given enhanced recovery procedures and 8 cycles of XELOX for high-risk stage II or stage III colorectal cancer. Patients in group 2 (conventional treatment) were given conventional perioperative care and 12 cycles mFOLFOX6 for high-risk stage II or stage III colorectal cancer. The hospital stay for postoperative chemotherapy was 1 day for XELOX and 3 days for mFOLFOX6.
Sample size
We estimated that the overall duration of the hospital stay for subgroups 1a and 1b would be 14 and 16 days, respectively. Base on our previous research, the overall duration of the hospital stay of groups 2a and 2b were predicted as 46 and 48 days, respectively [15] . With a standard deviation of 6 days for the mean number of hospitalization days, a total sample size of 218 patients would have a power of > 0.85 to detect a minimum reduction in hospital stay of 2 days among the four groups, using a 5% significance level. The patients with high-risk stage II or stage III disease who needed adjuvant chemotherapy accounted for 64% of the total colorectal cancer patients [16] . Therefore, a total of 340 patients, with 85 in each group, were necessary. Considering a 10% drop-out rate, we planned to recruit 372 patients for randomization to the four subgroups.
Statistical analysis
Data were analyzed according to the principle of intention to treat. Normal continuous data were presented as the means ± standard deviations and compared between groups by analysis of variance (ANOVA, > 2 groups) or unpaired t-test (2 groups). Non-normal distribution data are presented as the medians and interquartile ranges (IQR) and were compared between groups by the Mann-Whitney U test or the Kruskal-Wallis test. Categorical data were compared between groups by the χ2 test or Fisher's exact test for probability. The reported follow-up results were based on the data collected through February 27, 2019. Kaplan-Meier curves of OS and DFS were compared between groups by using the log-rank test. A two-sided P-value of 0.05 or less indicated statistical significance. A median difference of more than 10 points in quality of life scoring represented a clinically significant difference [17] . All analyses were performed using STATA (version 12.0; STATA, College Station, TX, USA).
Results
Patient population
From April 2010 through June 2014, 612 patients were screened. A total of 374 patients were randomly assigned to the four subgroups. Thirty-two patients refused the assigned intervention and withdrew informed consent before surgery. A total of 342 patients were finally analyzed, including 87 patients in subgroup 1a, 85 in subgroup 1b, 86 in subgroup 2a, and 84 in subgroup 2b (Fig. 1) . The baseline patients' demographic and clinical characteristics were balanced between groups 1 and 2. The maximum tumor diameter in subgroup 1a was lower than that in subgroup 1b (P = 0.0084). The distribution of pT stages was unequal between subgroup 1a and 1b (P = 0.0210). During surgery, a patient in subgroup 1a was found to have peritoneal metastasis ( Table 1) .
Hospital stay, compliance, surgical recovery, chemotherapy and costs
The primary endpoint of total hospital stay was shorter in group 1 than in group 2 (13 days vs. 23.5 days, P = 0.0001). The total hospital stay of subgroup 1a was similar to that of subgroup 1b (13 days vs. 14 days, P = 0.1951, Table 2 ).
The median number of surgical checkpoints for which the actual procedures carried out were compliant with the planned procedures was lower in group 1 than in group 2 (9 vs. 12, out of 13 checkpoints, P = 0.0001). The postoperative hospital stay was shorter for group 1 than for group 2 (6 days vs. 9 days, P = 0.0001). There was no difference between subgroups 1a and 1b in postoperative hospital stay (6 days vs. 6 days, P = 0.2160). The open operation performed with the fast-track protocol (subgroup 1b) resulted in shorter postoperative hospital stays than did the laparoscopic operation performed with the conventional treatment (subgroup 2a) (6 days vs. 8 days, P = 0.0001). The times to resumption of flatus and first defecation were earlier in group 1 than in group 2 (P < 0.05). The times for subgroup 1a were earlier than those in subgroup 1b (P < 0.05). The times to resumption of a fluid diet and to ambulation were shorter in group 1 than in group 2 (P < 0.01, Table 2 ).
The morbidity of intraoperative complications was similar between groups 1 and 2 (P = 1.0000). The volume of blood loss was lower in group 1 than in group 2 (100 ml vs. 150 ml, P = 0.0014). The volume of blood loss in subgroup 1a was lower than that in subgroup 1b (P = 0.0150). The morbidity of postoperative complications was lower in group 1 than in group 2 (6.4% vs. 14.7%, P = 0.0140), and there was no significant difference between subgroups 1a and 1b. The readmission rates during the 30 days after surgery were similar for groups 1 and 2 (5.8% vs. 5.3%, P = 0,8340). The surgical cost in group 1 was lower than that in group 2 (29,678 RMB vs. 33,559 RMB, P = 0.0001). The surgical cost for subgroup 1a was greater than that for subgroup 1b (P = 0.0001, Table 2 ). The open fast-tract surgery (subgroup 1b) generated the lowest surgical costs among all four subgroups in the FTMDT trial.
The percent of patients who received adjuvant chemotherapy was similar between groups 1 and 2 (62.5% vs. 63.2%, P = 0.9100). The morbidity of all grades of adverse events was similar between the two groups (94.0% vs. 96.8%, P = 0.4990). One patient in subgroup 1a and one in subgroup 1b died due to cancer metastasis during adjuvant chemotherapy. The chemotherapy cost was similar between groups 1 and 2 (100,999 RMB vs. 104, 256 RMB, P = 0.1410, Table 2 ). 
Quality of life
The preoperative response rate of questionnaires was higher in group 1 than in group 2 (83.7% vs. 72.4%, P = 0.0130). The postoperative questionnaire response rates between the two groups were similar at 1 week, 3 months, and 6 months (all P > 0.05) The QLQ-C30 physical functioning scores 1 week after surgery were better in group 1 than in group 2 (80 vs. 66.67, P = 0.0472). The QLQ-C30 fatigue scores 1 week after surgery were also better in group 1 than in group 2 (33.33 vs. 44.44, P = 0.0095).
Survival
The median follow-up time was 71 months, with no differences in DFS or OS between the treatment groups (Fig. 2 , Table 2 ). The five-year DFS for groups 1 and 2 were 82.6% [95% confidence interval (CI), 75.6-87.8%] and 80.0% (95%CI, 73.0-85.4%), respectively (P = 0.2780). The five-year OS rates of groups 1 and 2 were 87.1% (95%CI, 80.7-91.5%) and 87.1% (95%CI 80.8-91.4%), respectively (P = 0.7420) (see in Fig. 2 ).
Discussion
The concept of FTMDT was the first to integrate medical oncology with a multidiscipline treatment model [13] . This approach means that colorectal cancer is treated as an integrated disease to be followed through a recovery period of 6 months instead of just as a surgical disease. Regarding the primary endpoint, the FTMDT model decreased the total hospital stay. Moreover, the postoperative hospital stay was also shorter in the FTMDT model than in the conventional model. The results are consistent with those of previous studies. 8, [10] [11] [12] [13] Within the scope of fast-track surgery procedures, laparoscopic surgery did not reduce the postoperative hospital stay compared to open surgery. The FTMDT trial found that laparoscopic surgery resulted in faster surgical recovery than open surgery did. The morbidity of postoperative in-hospital complications was lower in the FTMDT group than in the conventional treatment group. The five-year DFS and OS were similar between the two groups, which means that the FTMDT model for colorectal cancer is as safe as the conventional treatment model is.
The fast-track surgery protocols used in the FTMDT trial, which were significantly different from the protocols of trials conducted in Western countries, were modified for Chinese patients [13, 18, 19] . Though the concept of fast-track surgery was proposed nearly two decades ago, 4,26 the practice of the Western model in China was difficult because of the intense doctor-patient relationship and the deep-rooted health-preserving culture in China [5, 6, 20] . Some procedures used in the LAFA and EnROL trials were considered by Chinese surgeons to be radical and possibly dangerous. These included actions on the first day after surgery, such as the oral intake of more than 2 l of liquid, intake of a normal diet, stoppage of intravenous infusion, and getting out bed for more than 6 h [18, 19] . Consequently, mandatory changes in the fast-track surgery model were tailored for Chinese patients and surgeons. The current trial verified the safety of the FTMDT model for Chinese patients. The FTMDT model, using modified and moderate fasttrack surgery procedures, reduced the postoperative hospital stay just as the fast-track models in Western trials did. Our results show that fast-track surgery procedures are adaptable to various societies and cultures.
The role of laparoscopic surgery in fast-track protocols is controversial. In contrast, with the LAFA and EnROL trials, we did not find that the laparoscopic operation with FTMDT decreased the postoperative hospital stay compared to the open operation. Additionally, the postoperative hospital stay of 6 days was slightly longer than that in the LAFA/EnROL trials, which was 5 days. This result could be due to differences in the fast-track treatment procedures. Importantly, the open operation performed with the fast-track protocol resulted in shorter postoperative and overall hospital stays than did the laparoscopic operation performed with the conventional treatment. The ongoing trial known as "TAPAS", a prospective cohort study for patients with colon carcinomas, seeks to determine which of three protocols, i.e., traditional open surgery, open fast-track surgery, and laparoscopic fast-track surgery with multimodal management, best minimizes the cost [21] . The open fast-tract surgery generated the lowest surgical costs among all four subgroups in the FTMDT trial. Similar results have also been reported by the LAFA trial. 8 In that trial, open surgery and fast-track procedures achieved a median postoperative hospital stay of 6 days, similar to that achieved with laparoscopy and standard care. In addition, the number of days to attain preoperative levels of solid food tolerance, passage of first flatus, and mobility following open surgery with fast-track procedures was shorter than that with laparoscopy and standard care [8] .
Thus, an open operation combined with fast-track treatment is a better choice than laparoscopic operation alone is. Even though laparoscopic surgery did not significantly reduce the hospital stay more than that required for open surgery in this trial, at least three advantages still back laparoscopy as the best choice for fast-track surgery. First, compared to the open operation, the laparoscopic operation optimized by fast-tract surgical protocols resulted in much less trauma, e.g., less blood loss and reduced time to resumption of flatus and defecation. As a result, laparoscopic surgery decreased the surgical stress and accelerated postoperative nutrition and resumption of immune levels compared to open surgery [22, 23] . Second, laparoscopy ensured that surgeons could proficiently dissect tumors with a high-definition view, thus minimizing the possibility of inadvertent injury. The last but not least advantage of laparoscopy surgery is that it was welcomed by patients. In the EnROL trial, 32% of potential patients rejected recruitment because they wanted to receive laparoscopy instead of being randomized to the open surgery group [22] . This same concern by patients also slowed recruitment for the FTMDT trial in the first 2 years.
There were several limitations in this trial. First, the fast-track surgery procedures were more conservative than the Western procedures are. The median number of checkpoints that met compliance for fast-track treatment in this trial was 9 of 13 surgical checkpoints; thus only 69.2% of the fast-track procedures were complied with by the patients and surgeons. Second, the FTMDT perioperative treatment was affected by new and better understandings of perioperative procedures that were acquired during the trial itself. For instance, both groups of patients should have received bowel preparation as required by the protocol; however, only 64.3% patients in the FTMDT group received it. Third, the recruited patients in this trial were younger than the patients in the Western trials. The median age of colorectal cancer onset in China is approximately 10 years earlier than it is in Western countries [3] . The ASA scores, BMI, and Fig. 2 a Disease-free survival of the two treatment groups, b disease-free survival of the four subgroups, c overall survival of the two treatment groups, and d overall survival of the four subgroups in the intention-to-treat population. HR, hazard ratio; CI, confidence interval morbidity of postoperative complications were lower in our trial than in the Western trials. Fourth, this trial was not conducted using a blinded protocol which may have contributed to intervention bias. For statistics, only simple randomization was adopted without stratification. The study involved both surgery and adjuvant chemotherapy, with four subgroups making the design complex and potentially imbalanced. Considering the type I error wasn't adjusted by 2 groups, the sample size may not be enough to explain the secondary end points as there were also many confounding factors.
While the fast-track treatment with open surgery had some economic advantages, the laparoscopic surgery had minor advantages over open surgery for postoperative recovery. The integration of laparoscopic surgery, fasttrack treatment, and XELOX chemotherapy in FTMDT represents an optimal model to enhance patient recovery from surgical resection of colorectal cancer.
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